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The Earth System Grid

http://www.earthsystemgrid.org

U.S. DOE ScIDAC funded R&D effort A

Build an “Earth System Grid” that enables
management, discovery, distributed access,
precessing, & analysis of distributed terascale
climate research data

A ‘Collaboaisiyalilot Project”
B r]‘uo%E SEF obus Toolkité , DataGrid
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Primary ESG Servers

Mass storage,
disk cache,
and computation

/ Web and applications-
based access to
management, discovery,
analysis, and

NCAR: Climate visualization

change
prediction and " AR . ANL:
data archive sk ol N @ Globus
applications
LBNL/NERSC:
Climate QRNL. _
data archive Simulation

and climate
LLNL: Model data archive
diagnostics and

inter-comparison
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USC/IS: v 4
Globus, grid & LANL (Future):..
applications, and Climate and ocean
metadatabases data archive



A Global Coupled Climate
Modé

.. NCAR/DOE Climate Model

Jan Model year
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Baseline Numbers *
» T42 CCSM (current, 280km)_

7.5GB/yr, 100 years -> .75TB § "i 3 1
© T85 CCSM (140km) (
~29GB/yr, 100 years -> 2.9TB ;

.« T170 CCSM (70km)
'.,L a.: Un//r looug. > 11TB
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!
Capacity-related |mprovements
Increased turnaround, model (;evelopmenf, ensemble of runs

Increase by a factor of 10, linear dat‘ G o 1

¢ Current T42 CCSM
7.5GB/yr, 100 years -> .75TB * 10 = 7.%TB
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Capability-related |mprovements

Spatial Resolution: T42 -> T85 -> T170
Increase by factor of ~ 10-20, linear data

E. N4
Temporal Resolution: Study diurnal cycle, 3 hour data 1
Increase by factor of ~ 4, linear data «

CCM3at 1470 (70km)
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Capability-related |mprovements

Quality: Improved boundary layer, clouds, convection, ocean
physics, land model, river runoff, sea ice A & B
Increase by another factor of 2-3, data flat *
:

Scope: Atmospheric chemistry (sulfates, ozone...)
biogeochemistry (carbon cycle, ecosystem dynamics)

mlddle Atmosphere Model..
i = factorof 10+, Ilneardata
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Approaching Mesoscale (i.e.
“weather” ) Resolution
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5
Model | mproverpenlis cont

Grand Total:

i"*"fq

Increase compute by a Factor O(l(JOO—
- 10000)
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We Will Examine Practically Every A\;spect of the Earth
System from Space in This Decade_ '

L onger-term Missions - Observationof Key Earth System Interactions

Aura ; W
Exploratory - Explore Specific Earth System Processes and Parameters and
Demonsirate Technologies .
A Triana
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ESG: Challenges

Enabling the simulation and data

management team /
Enabling the core research community In
analyzing and visualizing results *

Enabling broad multidisciplinary communities
to access simulation results

¥

Tor Knov edgg developmentRﬁﬁ;‘pMation,
10|68, data management, access,
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ESG: Strategies

Move data.a minimal amount, keep it close to
computational point of origin when possible

Data access protocols, distributed analysis

When we must move data, do it fast and with
a minimum amount of human intervention

Storage Resource Management, fast networks
Keep track of what we have, particularly

p D
, Web portals
ystem Grid -> The

UltraDataGrid. . 1 i Dl
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Storage/Data Mana HRM

Tera/Peta-scale
Archive

£ 4

] . i
Tools for reliable Client
staging, transport lection
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HRM aka“DataM over”

Running well across DOE/HPSS systems

New component built that abstracts NCAR
Mass Storage System

Defining next generation of requirements
with climate production group

First “real” usage

“The bottom linei sfmesandlsover 100t|mesfaster than

what | was doing before: ASiiportant as two orders of magn reasein
- ! ' - g

nroughp 1S, M S _"" antly | ?' A see a path that will essentially reduce
e e spent on 5 zera evelopment of the climate
“model database” — Mike Wehner, LBN
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OPeNDAP Q

=)

- An Open Source Project for a
NetwoidbData L%ess Protocol

(DfJJJfrIJ\ JQJ\,* Dlstm
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Distributed Data A ¥ ey
-Performance

Access Protocols x £ b fuk

-Authorization
-(Processing)

Typical Application Dlstrlbuted Appllcatlon

A
OPeNDAP t OPeNDAP | ESG
J‘-E‘da_ta Via Via ) "
http Grid DODS
i .
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Data H Big Data
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ESG: Metadata Services

ESG CLIENTS API PUBLISHING BBANALYSIS & VISUALIZATIO
& R INTEREACE
SEARCH & DISCOVERY ADMINISTRATION BROWSING & DISPLAY

I

B METADATA
B EXTRACTION
|

|

|

|

HIGH LEVEL METADATA SERVICES

I

I

METADATA METADATA & DATA METADATA METADATA ;
REGISTRATION BROWSING QUERY :

|

I

I

|

ANNOTATION

METADATA METADATA METADATA METADATA
AGGREGATION VALIDATION DISPLAY DISCOVERY

""""""" ¢ .. TR L TERRRRNNNRNRRRRN . .
! CORE METADATA SERVICES |
: METADATA ACCESS SERVICE TRANSLATION :
' |(update, insert, delete, query) LIBRARY :

mirror
Data & Dublin Core COARDS COMMENTS
- Mtadta ) Database XML Files
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M etadata Status

Co-developed NcML with Unidata
CF conventions in progress, almost done

Developed & evaluated a prototype metadata system:
Finalizing a specific schema for PCM/CCSM

Addressing interoperability with federal standards
and NASA/GCMD via the generation of DIF/FGDC/ISO

Addressing interoperability with digital libraries via
the creatlon of Dublin Core

HEESC lenceion schema.shaxing
qnair and natlve R

Slorate \/ work fior flrst- eferation ontology
If{C Catalog populatlon be algms “this nginth"‘ ' R v
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ESG: NcML Core Schema

For XML encoding of metadata (and data) of any generic netCDF file
Objects: netCDF, dimension, variable, attribute .

Beta version reference implementation as Java Library " i v
(http://www.scd.ucar.edu/vets/luca/netcdf/extract_metadata.htm)

nc:VariableType

nc:dimension

"1 nc:attribute

nc: attribute

— nc:values

—
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ISA Person LEGEND
Object [0,1] firstName Institution
. ’ AbstractClass
[1] id | [0,1] lastName worksFor [0,1] name
[0,1] contact [0,1] type
participa [0,1] contact

inheritance
—_» association

ISA

Project
[0,n] topic type=
[0,1] funding

Activity

[0,1] name

[0,1] description
[0,1] rights

[0,n] date type=

[0,n] note

[0,n] participant role=
[0,n] reference uri=

Service
[0,1] name

[0,1] description

ISA _
ISA

Campaign
serviceld
Investigation

ISA

Observation

n.i:
Simulation ¥ - -

hasParent [0,n] simulationInput type= ; . ™

‘ [0,n] simulationHardware Dataset
[0,1] type
[0,1] conventions
[0,n] date type=
[0,n] format type= uri=
[0,1] timeCoverage .
[0,1] spaceCoverage . Scientific Discovery

%G The Earth Systel T | fhreugh Advanced
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R ESG Web Portal } 4"‘

- SC2002 Prototype Technology
- DEmonstra tlon '
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HPSS

High Performance
Storage System

SRM

Storage Resource

Management

openDAPg
server

SRM
Storage Resource
Management

SC2002 Demonstration

openDAPg
server

CAS-enabled
Striped-gridFTP
server

Striped gridFTP
client

CAS-enabled
Striped-gridFTP
server

gridFTP
server openDAPg

e server

S8 NCAR
CAS-enabled

Striped-gridFTP
server

GRAM

MyProxy client gatekeeper

MCS client TOMCAT
Servlet engine
RLS client

gridFTP

SETvEr gridFTP

gridFTp.  &VEr

LAS
SRM Live

Storage Resource Access
Management Server

.

disk

Mass Storage System

The T-oVStelrnT




Collaborations & Relationships

CCSM Data Management Group
The Globus Project

Other SciDAC Projects: Climate, Security & Policy.
for Group Collaboration, Scientific Data
Management ISIC, & High-performance DataGrid
Toolkit |

OPeNDAP/DODS (multi-agency)

NSE National Seiepce Digital Libraries Program
(UCAR: & UnideiemisREDDS Project) |

U K. e-Seience and British Atmospheric%ﬁﬁ Center
NOBANOMADS and CEOS-griid"

I§<IJE_arth Science Portal group (multi-agency, intnle) s v
| The Earth System Grid B O Compai




|mmediate Di rections'

Broaden usage of DataMover and refine
Build data catalogs with rich metadata

Release “real” ESG portal
Search, browse, access i

Alpha version of OPeNDAPg

Test and evaluate with three client applications
(ncwew CDAJ+& NCL)

el eb-*portals mtod%a,e

B ﬂ ' * Scientific Discovery
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Closing Thoughts
Building an environment for the long-term
Difficult, expensive, and time-consuming = el &
But a worthwhile investment J
Team-building is a critical process :

Collaboration technologies really help
ﬁ I\/Ianagmg aII the collaboratlons IS a challenge

ﬁ Scientific Discovery
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fpublic access)

Home
Chveriem
People
Calendar

Public Documents

Contact Us

{registration required)
under construction

Mew User Registration
Login
Data Discovery

Eutract Metadata

Browse Data Catalog

Matadata Cnar

=

G5 EJ | Transferring data from www.earthsystemngrid.org...

THE EARTH SYSTEM GRID

Scientific Discovery
threugh Advanced
Computing

The Earth System Grid II:

Turning Climate Model Datasets Into Community Resources

The Earth System Grid II (ESG) is a new research project sponsored by the WS, DOE Office of Science under the
auspices of the Scientific Discovery through Advanced Computing program (SciDacC). The primary goal of ESG is to
address the formidable challenges associated with enabling analysis of and knowledge development from global Earth
System models. Through a combination of Grid technologies and emerging community technology, distributed
federations of supercomputers and large-scale data & analysis servers will provide a seamless and powerful
environment that enables the next generation of climate research.

Project Abstract

High-resolution, long-duration simulations performed with advanced DOE SciDaC/MCAR climate models will produce
tens of petabytes of output. To be useful, this output must be made available to global change impacts researchers
natiomwide, both at national laboratories and at universities, other research laboratories, and other institutions, To
this end, we propose to create a new Earth System Grid, ESG-II - a wvirtual collaborative environment that links
distributed centers, users, models, and data. ESG-II will provide scientists with wirtual proximity to the distributed
data and resources that they require to perform their research. The creation of this environment will significantly
increase the scientific productivity of LS, climate researchers by turning climate datasets into community resources,
In creating ESG-II, we will integrate and extend a range of Grid and collaboratory technologies, including the DODS
remote access protocols for environmental data, Globus Toolkit technologies for authentication, resource discovery,
and resource access, and Data Grid technologies developed in other projects. We will develop new technologies for

==
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THE EARTH SYSTEM GRID

Scientific Discovery
threugh Advanced
Computing

ESG LOGIN

INSTRUCTIONS: please log into the ESG system through one of the authentication methods below,

AMNONYMOUS MYPROXY LOGIN Creates anonymous proxy on dataportal.ucar.edu with two hours lifetime

ANONYMOUS USERNAME: [ESGuser ANONYMOUS PASSWORD: [ @

AUTHENTICATED MYPROXY LOGIN Retrieves delegated credentials from specified MyProxy server

" | mypROXY USERNAME: | MYPROXY PASSWORD: | HDST:EN%HEdatﬂpDHﬂll hd e

AUTHENTICATED GLOBUS PROXY LOGINMN Loads previously created Globus proxy from dataportal.ucar.edu

=

= .:‘.% @D Document: Done (1,002 secs] A= %
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Data Search and Discovery

[* ESG Data Discovery
Thiz integrated application allows Identification of data (logical
files and replica locations) based on a query to the ESG
Metadats Catalog and feplica Catalog, display of logical files
and logical collections metadata, and transfer of files,

[* Browse ESG Data Catalogs
Hierarchical browsing of £5G Data Catalogs in THREDDS
format, and display of assoclated metadata.

[* Query ESG Metadata Catalog

Query of static and user defined atiributes associated with
fogical colfections or logical files in the ESG Metadata Catalog.

Data Management

[ Data Transfer
Weh interface to HEM (Rierarchical Resource Manager), HEM
alfows high speed, rellable, paraliel streams, multinle files
transfer betwean permanent storage systems ahd E5G nodes,
[ Metadata Extraction

Weah Sarvice for the automatic extraction of metadata I Nodil
format from any nebwork retrievable netcdr fils.

Data Analysis and Visualization

[ DODS

Access to the ESG DODS servers,
I LAS

Access to the £5G LAS servers,
| CDAT

Access to the ESG CDAT servers.

ESG System

[ Monitor Status
Monitor the status and availability of the resources comprising
the ESG system.

[ Query Logs

Interactive query of log fles recording ESG access and usage.

KNOWLEDGMEMNTS: ESG applications are based on a variety of computing and information technologies. In particular, we wish to acknowledge

= use of Globus technology and related COG (Commodity Grid Kit) toolkits,

= 2 ' E] | Document: Done (3,195 secs)
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ESGHome | ESGLogin

ESG DATA DISCOVERY

STRUCTIOMNS: This interface allows search and discovery of data through associated metadata. Using the user filled parameters, a query is first
rformed to the MCS {Metadata Catalogquing Services) to retrieve all matching logical files. Then a second query is performed to the RLS
=plica Location Services) to find all registered replica locations, sizes, and access services for each logical file. The user may select replicas on
k or remote storage (HPS8S, M85} and transfer them with the SRM {Storage Resource Manager); or the user may select and access replicas
wed by distributed striped gridFTP openDAP servers. Optionally, the user may also view the metadata {stored in the MCS) associated with a
ical collection or logical file. Please note that currently the query supports only a limited number of parameters,

QUERY FORM
LOGIGAL GOLLEGTION NAME | PCM/B0G 20/atm  ~| (required) | DISPLAY COLLECTION LEVEL METADATA
VARIABLE NAME | ~| (aptianal)

START YEAR |198|J (required)
STOP YEAR 219851 (required)

e SUBMIT QUERY

SESION ID: O0AFCAZEY0AQYFDIELSY2092004F 16BEE PROXY TIME LEFT: 7107 secs

M CH=proxy, CHN=proxy, CHl=proxy, CH=Globus User,0U=Network Engineering and Technology Section, OU=Scientific Computing Division, O=National
Center for Atmospheric Research,0=Globus, C=us

=i .:‘.% @"E Docurment: Done (0,271 secs] :m: i |
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QUERY RESULTS
NUMBER OF RESULTS FOUMND: 5

LOGICAL FILE /PCM/BOG.20/a3tm,/BOG.20,atm. 1980.nc
SIYE 2658722384

REPLICAS & /raid/f1/ESG_SC2002/PCKM/BOE.20/atm/B06.20,atm. 1920.ne [ DISKatNCAR DODSatNCAR |
" /dataportal.ucar, edu/PCM1/pecm,/B06, 20/3tm/BO6. 20, atm, 1980.nc [ MSSatMCAR ]
L Jhpss.cocs.oml.gov/homesasim/esg/sc2002/pom b6, 20/3tm/B06,. 20, atm. 1980.nc [ HPSSatoRML ]
& Jarchive.nersc.gov/nersc/gcs/asimsesg/sc2002/pem,b06. 20/atm/B06.20.atm. 1980.nc [ HPSSatLBML ]
" /data/esg/sc2002/PCM/BO6.20/atm/B06.20.atm, 1980.nc [ DISKatLBNL DODSatLENL ]

| DISPLAY METADATA

LOGICAL FILE /PCM/BOG.20/3tm,/B0G.20.atm. 1981 .nc
SIZE 2224519380

REPLICAS (" /raid/f1/ESG_SC2002/PCM/BO6.20/3tm/B06.20.atm.1981.nc [ DISKatNCAR DODSatMNCAR ]
@ /dataportal.ucar.edu/PCM1/pcm,/BO06,20/3tm/B06.20.atm. 1981, nc [ MSSatMCAR ]
" /hpss.cos.ornl.gov/home/asim/esg/sc2002/pom/bi6,. 20/3tm/B06.20,atm. 1981.nc [ HPSSatORML ]
t"" Jarchive.nersc.gov/nersc/gcE/asimyi/esg/sc2002/pecm/b0o, 20/ /atmAB06. 20.atm. 1981 .nc [ HPSSatLBHL ]
- /datafesg/sc2002/PCM/BOG.20/3tm,/B06.20.atm. 1981 .nc [ DISEatLBMNL DODSatLBMNL ]

| DISPLAY METADATA

LOGICAL FILE /PCM/B06.20/atm/BO6. 20, atm. 1982.nc
SIZE 2224519280

REPLICAS Sraid/fL/ESG_SCE002/PCM/BDE. 20/ atm,/BO06. 20, atm. 1982.nc [ DISKatMCAR DODSatMCAR ]
& Jdataportal.ucar.edu/PCML/pem/BO6.20/3tmB06.20.3tm. 1982, ne [ MSSatMCAR ]
@® /hpss.cos.ornl.gov/home/asim/esg/sc2002/pem/bi6, 20/atm/B06. 20, atm. 1982 . nc [ HPSSatORML ]
" /archive.nersc.gov/nersc/gcS/asim/esg/sc2002/pom/b06. 20/atm/B06.20.atm, 1982.nc [ HPSSatLBML ]
i Jdatafesg/sc2002/PCMABOG. 20/atm,/B06.20.atm, 1982 .nc [ DISKatLBMNL DODSatLBMNL ]

| DISPLAY METADATA

| LOGICAL FILE /PCM/BOG. 20/atm/B0G6.20,atm. 1983 . nc |
= 2 B E] | Document: Done (1,513 sacs) |:.‘,]E:! x| i
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ESG METADATA CATALOG QUERY

ISTRUCTIONS: This page allows to retrieve all types of metadata associated with a given logical collection or logical file in the ESG Metadats
Catalog., Metadata in the MCS can be stored in the form of static attributes, user-defined attributes, or XML,

QUERY FORM
OBJECT TYPE | Logical File -l

OBJECT NAME [/PCIM/B06.20/atm/B06.20.atm.1984.nc
METADATA TYPE | %ML |

QGET METADATA

QUERY RESULTS

XML
reml wersion="1.0" encoding="UTF-8"7=
1o netcdf xmins: no="http: /fwoww ucar edusschemas/netcd™ zmins: xsi="http: Afwowew w2 arg/200 1 <MLSchema-instance”
="/PCMBO06.20/3tm/B06.20.atm. 1984 nc" xsi;schemalocation="http: /fwww ucar.edu/schemas,/netcdf
tp:Afwennw ucar edus/schemas/netodf xsd =
<nc:dimension length="128" name="lon" /=
znc:dimension length="18" name="lev" /=
<nc:dimension length="19" name="ilev" /=
znc:dimension length="64" name="lat" /=
<nc: dimension length="81" name="nchar" />
<nc:dimension isUnlimited="trug" length="12" name="time" /=
<ncwariable name="ntrk" type="int"=
<nc: attribute name="long_name" type="string" value="spectral truncation parameter K" /=
z/ncivariables
<nc:wariable name="FRECSC" Ehape—"time lat lon" type="float">
<NC: attrlhute name—"lung name t}rpe:"ztring" value="Convective snow rate (water equivalent)" /=

=] g.% @" E | Dncument Crone (2,414 secs) i i:m'::
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HRM WEB INTERFACE

STRUCTIOMNS: Please check all physical files that vou wish to transfer. The HEM {Hierarchical Resource Manager} is a product of the Scientific
ta Management Research Group at the Lawrence Berkely Mational Laboratory, HRM allows fast, reliable, tunable transfer of files to/from disk and
note storage (HPSS, MSS) through the gridF TP protocol and implementation. This prototype web interface is being developed by the Earth
stem Grid collaboration.

DATA TRANSFER FORM

PHYSICAL FILE SI7fE SERVYICE
F || /raid/f1/ESG_SC2002/PCM/BOG.20/atm/B06.20. atm. 1920.ne 2RS722384 || DISKatNCAR
I+ ||/dataportal.ucar.edu/PCM1/pom/B06. 20/atm/B06.20.atm. 1981.ne 322451980||MSSatMC AR
INPUT FILES:
I ||/hpss.cos.orml.gov/home/asim/esg/sc2002/pomb06, 20/atm,B06. 20, atm. 1982.nc 322461980(|HPSSatORML
[+ ||/archive.nersc.gov/nersc/goS/asimfesg/sc2002/pem,/b06.20/atm/BO6. 20, atm. 1983 .nc||222461980| HPSSatLBMNL
[« Jdatafesgsc2002/PCMW/BOG. 20,/3tm,B06.20,atm. 1984.nc F3224561930||DISkatLBML

OUTPUT DIRECTORY : I/s cratch/scZ0024mp,

USER ID: Iesguser {usen@host)

Block size: 1000000

gridFTP PARAMETERS: ||TCP buffer size: 1000000
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Murmber of streams:

e SUBMIT REQUEST 9 RESET FORM
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&0 Earth System Grid - Netscape r._|| .b—<| -"“ A
iy it
-
. B2 mail | CURRENT GRAM JOB T LICAR
o | (this screen will refresh automatically every & seconds untill the job is cg
ar I
| ID : https: /fdataportal.ucar.edu: 457 14/2235/ 1047335915/
STATUS : ACTIVE
ERROR : O
STDOUT :
ETRUCTI Client Callback CONFIGUERATICHN & Scientific
ta Managg Pae R oguoers _ rom disk and
oo source[0]= gsiftp://dataportal.ucar.edu/raid/f1/E3G 3CZ002/PCH/EBDE. 20/ atm/BO6. 20, atm. 195 P A
shmpiE target[0]= file:/scratch/scZ002/twps /BOG. 20, atm. 1980, ne

gize[0]= 268722384

gource[1]= hrm://dataportal.ucar.edu: 6191 /HEMIerverNC AR/ dataportal . ucar . edu/PCH1/ pomd BOA
target[1]= file:/scratch/scZ002Z/twps /BOG.20.atm. 1981 . nc

gize[l]= 322461980

gource[Z]= hrm://=2leepy.cos.ornl.gov: 6191/ HEMServer ORNL, hpss.cos . ornl .. gow home/asimd esg ER¥ICE
target[Z]= file:/scratch/scZ00Z/twps /BOG. 20, atm. 19382 . no

size[2]= 322461980 plathCaR
gource[3]= hrm://datagrid.lbl.gov: 6191 /HEN3erverLBNL/archive . herac . gov/ nersc/ gos/asim eg SatMCAR
target[3]= file:/scratch/scZ002Z/twps /BOG.20.atm. 1983 . no EEES ]
gize[3]= 322461980 IS SatoRML
source[4]= gsiftp://datagrid. lbl.gov/data/esyg/sc2002/PCM/EBOG.20/atn/BOG .20, atm. 1954 . ne [
target[4]= file:/scratch/sc2002/ twp//BO6.20.atm, 1954 . ne 55 atLBMNL

OUTPUT DIRECTORY : I/s cratch/scZ0024mp,

gridFTP PARAMETERS: ||TCP buffer size: 1000000

USER ID: Iesguser {usen@host)

£ - |
-—_— b atLBHML

Block size: 1000000

Murmber of streams:

18

e SUBMIT REQUEST o RESET FORM
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[ S Earth System Grid ]

THE EARTH SYSTEM GRID :
Scientific Discovery
threugh Advanced
Computing

) o e =0 ] S :_--_;ﬂ;-r.--_v-'r\—;w_ .n..__,. I
& = '~ | o1t 1e EE1 S iy
i .L] | ExLLlogout § Eo %:AEE-? J*?L ﬁcﬁ&a.&)’ -1 | _'i

ESG LAS CONFIGURATION INTERFACE

INSTRUCTIONS: Submitting this form will regenerate the configuration file of the local LAS server. This process may take a little time. Please
select all files that you will want to be accessible by LAS,

| LAS DATA FILES

- /scratch/sc2002/tmp/BO6.20.atm. 1980.nc
[+ /scratch/sc2002/tmp/B0O6.20,atm. 19210
[+ fscratch/scZO002/tmp/B06.20.atm. 1982, no
Jscratch/sc2002/tmp/B0G. 20, atm, 1983 . ne

I /scratch/scz002/tmp/BOG.20,atm,. 1984.nc

® SUBMIT {configuration may take a little time...)}

SESIOMN ID: D0AFCAZEYOAQYFDAESYZ29930D94F 16EERE PROXY TIME LEFT: 65281 zecs
M CH=proxy, CN=proxy, CHl=proxy, CH=Globus User, OU=Network Engineering and Technology Section, OU=Scientific Computing Division, O=National
Center for Atmospheric Research,O=Globus,C=us

= 2 B E] | Transferring data from dataportalucaredu,., =i~
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[ "TQ} Live Access ko Climate Data ]

THE EARTH SYSTEM GRID

Scientific Discovery
threugh Advanced
Computing

I»

EOE 20 atm 1980 nc

ata Sets Average of Cloud when omegais <0 {up)
| Isetect view [y (aflon) slice <]

1BO6 . 20.atm. 1980 .nc o Select & single vanable O companson I Full Region hd|
Average of Cloud when omega is < 0 (up) — = o = . -
Awerage of Omega when omega is < 0 {up)
BEWAF
BTRAM
CHaWME
Clearsky net longwave flux at surface
Clearsky net langwave flux at top
Clearsky net salar flux at surface
Clearsky net solar flux at top
Cloud fraction

g7.58635000

\180.0 W |180.0 E

g7.8635000

Foomn In | Foorn Ot |

CO2WMR

comective adjustment tendency of water

ape Select depth =

Convective precipitation rate [ select dep | 48092999458313 = 48092999458

Cornvective snow rate (water equivalent) IS"H‘P-'K:t time i 05-har-1980 | lEIE—MaH 950

Counter-gradient coefiicient on surface Select product it T
P 1 prodi [ Shaded plat (GIF) i BO0G00 ] rindow
Ol

East-west gravity wave drag surface stress
Effective cloud fraction
F11%ME
F12%ME
= 2 5 E] | Document: Done (0,13 secs) =HE= =] ||
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